Abstract -N-Benzyloxy-2-diethoxyphosphoryl)pent-4-enamide (6) was prepared from ethyl diethoxyphosphorylacetate in a 3-step sequence. Oxidative cleavage of the terminal olefin of 6 with osmium tetroxide and sodium periodate afforded 1-benzyloxy-3-diethoxyphosphoryl-5-hydroxy-2-pyrrolidone (7). The first synthesis of racemic SF-2312 was achieved by treatment of 7 with trimethylsilyl bromide, followed by hydrogenolysis.
Ethyl diethoxyphosphorylacetate served as the starting material for preparation of the 2-phosphorylpent-4-enohydroxamate derivative (6) , the key precursor for the 1,5-dihydroxy-2-pyrrolidone ring formation (Scheme 1). The reported procedures 8 for preparation of ethyl 2-(diethoxyphosphoryl)pent-4-enoate (4a) from ethyl diethoxyphosphorylacetate was slightly modified and thus 4a was obtained in an improved yield (72%) together with the diallyl-substituted compound (4b) (11%). Chemoselective hydrolysis of 4a in aqueous ethanol containing potassium hydroxide provided the corresponding pent-4-enoic acid (5) in a quantitative yield. Condensation of 5 with O-benzylhydroxylamine in the presence of 1-ethyl-3-(3'-dimethylaminopropyl)-carbodiimide (EDC) hydrochloride and 4-dimethylaminopyridine (DMAP) afforded the O-benzyl hydroxamate (6) in 88% yield. The same condensation in the presence of EDC hydrochloride, 1-hydroxybenzotriazole (HOBt), and N-methylmorpholine, provided 6 in a similar yield.
Scheme 1
The 1,5-dihydroxy-2-pyrrolidone ring formation of 6 was carried out by the intramolecular hemiacetalization of the hydroxamate with the terminal aldehyde. Namely, the oxidative cleavage of the terminal olefin of 6 with osmium tetroxide and sodium periodate afforded the aldehyde intermediate, which was immediately cyclized to give the 5-hydroxy-2-pyrrolidone derivative (7) as a 65:35 diastereomeric mixture. The structural assignments of these isomers were made by 1 H-NMR with the aid of 2D NOESY measurement and thus the cis form of the major isomer and the trans form of the minor one were confirmed (Table 1, Figure 1 ).
As the hemiacetal (hydroxylactam) moiety of 7 seemed to be susceptible to the conditions required for the following cleavage of the benzyl and phosphonic ester moieties, the 5-hydroxy group of 7 was protected as a methyl acetal (methoxylactam) by way of precaution. Namely, 7 was treated with trifluoroacetic acid (TFA) in methanol at 40 o C to give the 5-methoxy-2-pyrrolidone derivative (8) in 82% yield. The product was confirmed by NOE experiments to be a 28:72 mixture of cis and trans isomers in the reverse ratio to that of 7 (Table 1, Figure 1 ). Hydrogenolysis of 8 in the presence of 10% Pd-C afforded the debenzylated product (9) and the same treatment of the hemiacetal compound (7) also yielded the deprotected compound (10) without formation of byproducts. Therefore protection of the hemiacetal moiety seems to be unnecessary for such a reductive condition. However cleavage of the phosphonic ester of 9 and 10 with trimethylsilyl bromide in dichloromethane resulted in the formation of an inseparable mixture of unidentified products and a minor amount of the desired product 3.
We thus attempted removal of protecting groups of 7 and 8 in the alternative sequence: the phosphonic ester of 7 was first cleaved by the treatment with trimethylsilyl bromide to afford 11 quantitatively. It is noteworthy that the similar treatment of 8 also provided 11 quantitatively, as a result of simultaneous cleavage of the methyl acetal. Judging from these results, it seems that the functional group necessary for protection of the 1,5-dihydroxy-2-pyrrolidone moiety against the action of trimethylsilyl bromide is not the 5-hydroxy but 1-hydroxy group. The final removal of the benzyl group of 11 by hydrogenolysis furnished 3-dihydroxyphosphoryl-1,5-dihydroxy-2-pyrrolidone (3) as a diasteromeric mixture (cis/trans = 41:59).
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The NMR data of 3 were found to be identical with those reported for the natural product. 6, 7 The present work thus demonstrates the first synthesis of racemic SF-2322 (3) by a short and efficient route. Extension of this work including applications of these findings in synthesizing optically active SF-2322 is in progress. 
2-(Diethoxyphosphoryl)pent-4-enoic acid (5).
To a solution of 4 (500 mg, 1.89 mmol) in EtOH (5.0 mL) was added 10 M aq. KOH (0.28 mL, 2.8 mmol). The mixture was stirred at rt for 24 h and then neutralized with Amberlite IR-120 (H + ). The resin was filtered off and the filtrate was evaporated in vacuo to give 5 (447 mg, quant) as a colorless syrup, which was used for the next step without further purification: R f = 0.08 (1:1 AcOEt-hexane 
3-Dihydroxyphosphoryl-1,5-dihydroxy-2-pyrrolidone (3).
To a solution of 11 (19.7 mg, 0.0685 mmol) in water (1.5 mL) was added 10% Pd-C (9.0 mg, 0.0085 mmol). The mixture was stirred at rt for 2.5 h under atmospheric pressure of hydrogen. The catalyst was filtered off and the filtrate was diluted with water. The mixture was treated with active charcoal and filtered. The filtrate was evaporated in vacuo to give a diastereomeric mixture (cis/trans = 41:59) of 3 (13.0 mg, 96%) as a colorless hygroscopic syrup: R f = 0. 
